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IMPROVED SCLERAL PROSTHESIS FOR TREATMENT OF 
PRESBYOPIA AND OTHER EYE DISORDERS 



CROSS REFERENCE TO RELATED APPLICATIONS 

5 The present invention is related to that disclosed in 

(1) United States Patent Application Serial No. 08/946,975 entitled 
"SCLERAL PROSTHESIS FOR TREATMENT OF PRESBYOPIA AND OTHER EYE 
DISORDERS," filed October 8, 1997, now United States Patent No. 
Q 6,007,578 issued December 28, 1999 (the " x 975 Application" ) ; 
10m (2) United States Patent Application Serial No. 09/061,168 entitled 
% "SCLERAL PROSTHESIS FOR TREATMENT OF PRESBYOPIA AND OTHER EYE 
m DISORDERS," filed on April 16, 1998 (a Continuation-in-Part Patent 

* * " 

s Application of the x 975 Application); (3) United States Patent 

m Application Serial No. 09/472,535 entitled "SCLERAL PROSTHESIS FOR 

15 si TREATMENT OF PRESBYOPIA AND OTHER EYE DISORDERS," filed December 

«*» 
*■ 

r% 27, 1999 (a Continuation Patent Application of the x 975 
Application) ; and (4) United States Provisional Application No. 
60/138,105 entitled "IMPROVED SCLERAL PROSTHESIS FOR TREATMENT OF 
PRESBYOPIA AND OTHER EYE DISORDERS," filed June 7, 1999 (the 
20 specification of the present invention claims priority to this 
provisional application under 35 U.S.C. §119(e)(l)). All four 
patent documents, and the inventions disclosed therein, are 
commonly assigned to the assignee of the present invention, share 



-7- 



ATTORNEY DOCKET NO. PRES06-00147 



PATENT 



common inventorship, and are incorporated herein by reference for 
all purposes as if fully set forth herein. 

TECHNICAL FIELD OF THE INVENTION 

5 This invention relates to methods of treating presbyopia, 

hyperopia, primary open angle glaucoma and ocular hypertension and 
more particularly to methods of treating these diseases by 
increasing the effective working distance of the ciliary muscle, 
y The invention also relates to increasing the amplitude of 
10 yj accommodation of the eye by increasing the effective working range 
of the ciliary muscle. 

lis 
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BACKGROUND OF THE INVENTION 

In order for the human eye to have clear vision of objects at 
different distances, the effective focal length of the eye must be 
adjusted to keep the image of the object focused as sharply as 
possible on the retina. This change in effective focal length is 
known as accommodation and is accomplished in the eye by varying 
the shape of the crystalline lens. Generally, in the 

unaccommodated emmetropic eye the curvature of the lens is such 
that distant objects are sharply imaged on the retina. In the 
unaccommodated eye near objects are not focused sharply on the 
retina because their images lie behind the retinal surface. In 
order to visualize a near object clearly, the curvature of the 
crystalline lens is increased, thereby increasing its refractive 
power and causing the image of the near object to fall on the 
retina . 

The change in shape of the crystalline lens is accomplished by 
the action of certain muscles and structures within the eyeball or 
globe of the eye. The lens is located in the forward part of the 
eye, immediately behind the pupil. It has the shape of a classical 
biconvex optical lens, i.e., it has a generally circular cross 
section having two convex refracting surfaces, and is located 
generally on the optical axis of the eye, i.e., a straight line 
drawn from the center of the cornea to the macula in the retina at 
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the posterior portion of the globe. In the unaccommodated human 
eye the curvature of the posterior surface of the lens, i.e., the 
surface adjacent to the vitreous body, is somewhat greater than 
that of the anterior surface. The lens is closely surrounded by a 
membranous capsule that serves as an intermediate structure in the 
support and actuation of the lens. The lens and its capsule are 
suspended on the optical axis behind the pupil by a circular 
assembly of very many radially directed elastic fibers, the 
zonules, which are attached at their inner ends to the lens capsule 
and at their outer ends to the ciliary muscle, a muscular ring of 
tissue, located just within the outer supporting structure of the 
eye, the sclera. The ciliary muscle is relaxed in the 
unaccommodated eye and therefore assumes its largest diameter. 
According to the classical theory of accommodation, originating 
with Helmholtz, the relatively large diameter of the ciliary muscle 
in this condition causes a tension on the zonules which in turn 
pulls radially outward on the lens capsule, causing the equatorial 
diameter of the lens to increase slightly and decreasing the 
anterior-posterior dimension of the lens at the optical axis. 
Thus, the tension on the lens capsule causes the lens to assume a 
flattened state wherein the curvature of the anterior surface, and 
to some extent the posterior surface, is less than it would be in 
the absence of the tension. In this state the refractive power of 
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the lens is relatively low and the eye is focused for clear vision 
for distant objects. 

When the eye is intended to be focused on a near object, the 
ciliary muscles contract. According to the classical theory, this 
5 contraction causes the ciliary muscle to move forward and inward, 
thereby relaxing the outward pull of the zonules on the equator of 
the lens capsule. This reduced zonular tension allows the elastic 
capsule of the lens to contract causing an increase in the antero- 
D posterior diameter of the lens (i.e., the lens becomes more 
10 HI spherical) resulting in an increase in the optical power of the 
J3 lens. Because of topographical differences in the thickness of the 
Py lens capsule, the central anterior radius of curvature decreases 
=_ more than the central posterior radius of curvature. This is the 
CP accommodated condition of the eye wherein the image of near objects 
15 falls sharply on the retina. 

P Presbyopia is the universal decrease in the amplitude of 

accommodation that is typically observed in individuals over 40 
years of age. In the person having normal vision, i.e., having 
emmetropic eyes, the ability to focus on near objects is gradually 
20 lost, and the individual comes to need glasses for tasks requiring 
near vision, such as reading. 

According to the conventional view the amplitude of 
accommodation of the aging eye is decreased because of the loss of 
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elasticity of the lens capsule and/or sclerosis of the lens with 
age. Consequently, even though the radial tension on the zonules 
is relaxed by contraction of the ciliary muscles, the lens does not 
assume a greater curvature. According to the conventional view, it 
is not possible by any treatment to restore the accommodative power 
to the presbyopic eye. The loss of elasticity of the lens and 
capsule is seen as irreversible, and the only solution to the 
problems presented by presbyopia is to use corrective lenses for 
close work, or bifocal lenses, if corrective lenses are also 
required for distant vision. 

Certain rings and/or segments have been used in ocular surgery 
for various purposes. Rings and/or segments of flexible and/or 
elastic material, attached or prepared in situ by fastening the 
ends of strips of the material around the posterior portion of the 
globe, posterior to the pars plana (over the underlying retina) , 
have been used to compress the sclera in certain posterior regions. 
Supporting rings of metal, adapted to fit the contour of the sclera 
have been used as temporary supporting structures during surgery on 
the globe. However, none of these known devices have been used for 
surgical treatment of presbyopia, and none have been adapted to the 
special needs of prosthetic devices used in treating presbyopia. 

Accordingly, a need has continued to exist for a method of 
treating presbyopia that will increase the amplitude of 
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accommodation of the presbyopic eye, thereby lessening or 

eliminating the need for auxiliary spectacle lenses to relieve the 
problems of presbyopia. 
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SUMMARY OF THE INVENTION 

Presbyopia and other eye disorders are treated by implanting 
within a plurality of elongated pockets formed in the tissue of the 
sclera of the eye transverse to a meridian of the eye, a prosthesis 
5 having an elongated base member having an inward surface adapted to 
be placed against the inward wall of the pocket and having a ridge 
on the inward surface of the base extending along at least a major 
portion of the major dimension of the base. The combined effect of 

0 the implanted prostheses is to exert a radially outward traction on 
10 Ul the sclera in the region overlying the ciliary body which expands 

y3 the sclera in the affected region together with the underlying 
fy ciliary body. The expansion of the ciliary body restores the 
^ effective working distance of the ciliary muscle in the presbyopic 

01 eye and thereby increases the amplitude of accommodation. 
15~jJ Introduced is an improved scleral prosthesis for the treatment of 

£ If 

O presbyopia and other eye disorders. An exemplary prosthesis in 
accordance with the teachings hereof is adapted for contact with 
the sclera of an eyeball, and comprises a body having a first end 
and a second end wherein the body has (i) a planform adapted to 
20 expand the contacted sclera to increase the effective working 
distance of the ciliary muscle of the eyeball, and (ii) means for 
stabilizing the prosthesis within the surgically formed pocket 
within the sclera of the eyeball. 
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The foregoing has outlined rather broadly the features and 
technical advantages of the present invention so that those skilled 
in the art may better understand the detailed description of the 
invention that follows. Additional features and advantages of the 
5 invention will be described hereinafter that form the subject of 
the claims of the invention. Those skilled in the art should 
appreciate that they may readily use the conception and the 
specific embodiment disclosed as a basis for modifying or designing 
Q other structures for carrying out the same purposes of the present 
10 Ul invention. Those skilled in the art should also realize that such 

ED 

-J3 equivalent constructions do not depart from the spirit and scope of 
iU the invention in its broadest form. 

W •» 
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An advantageous embodiment of the present invention may be 
understood with reference to the following descriptions taken in 
conjunction with the accompanying drawings, wherein like numbers 
designate like objects, in which: 

FIGURE 1 illustrates a top plan view of an advantageous 
embodiment of an improved scleral prosthesis in accordance with the 
principles of the present invention; 

FIGURE 2 illustrates a side elevational view of the embodiment 
of the scleral prosthesis of FIGURE 1; 

FIGURE 3 illustrates a bottom plan view of the embodiment of 
the scleral prosthesis of FIGURES 1 and 2; 

FIGURE 4 illustrates a top-side isometric view of the 
embodiment of the scleral prosthesis of FIGURES 1 to 3 ; 

FIGURE 5 illustrates a top plan view of one end of the 
embodiment of the scleral prosthesis of FIGURES 1 to 4; and 

FIGURE 6 illustrates a bottom-side isometric view of the 
embodiment of the scleral prosthesis of FIGURES 1 to 5. 
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The principles of the present invention introduce and teach 
improvements upon the scleral prosthesis introduced and taught in 
United States Patent Application Serial No. 08/946,975 entitled 
5 "SCLERAL PROSTHESIS FOR TREATMENT OF PRESBYOPIA AND OTHER EYE 
DISORDERS," filed October 8, 1997 (the u> 975 Application"); United 
States Patent Application Serial No. 09/061,168 entitled "SCLERAL 
PROSTHESIS FOR TREATMENT OF PRESBYOPIA AND OTHER EYE DISORDERS," 
O filed on April 16, 1998 (a Continuation-in-Part Patent Application 
10 U] of the x 975 Application); United States Patent Application Serial 

— * 

5 No. 09/472,535 entitled "SCLERAL PROSTHESIS FOR TREATMENT OF 
W PRESBYOPIA AND OTHER EYE DISORDERS," filed December 27, 1999 (a 
=L Continuation Patent Application of the '975 Application); and 
United States Provisional Application No. 60/138,105 entitled 

5 m 

15 jj "IMPROVED SCLERAL PROSTHESIS FOR TREATMENT OF PRESBYOPIA AND OTHER 
3 EYE DISORDERS," filed June 7, 1999 (the specification of the 
present invention claims priority to this provisional application 
under 35 U.S.C. §119(e)(l)). All four patent documents, and the 
inventions disclosed therein, are commonly assigned to the assignee 

2 0 of the present invention, share common inventorship, and are 
incorporated herein by reference for all purposes as if fully set 
forth herein. 

According to certain of the inventions introduced and taught 
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in the above -incorporated patent documents, presbyopia, and certain 
other eye disorders (e.g., hyperopia, primary open angle glaucoma, 
ocular hypertension, etc.), may suitably be treated by increasing 
the effective working distance of the ciliary muscle. This may be 
accomplished by increasing the distance between the ciliary muscle 
and the lens equator, preferably by increasing the diameter of the 
sclera (i.e., scleral expansion) in the region of the ciliary body. 

According to an advantageous embodiment, the effective working 
distance of the ciliary muscle may suitably be increased by 
implanting, within pockets surgically formed in the sclera of the 
eye, a plurality of prostheses designed to place an outward 
traction on the sclera in the region of the ciliary body. Each 
prosthesis comprises an elongated base having a first end and a 
second end and one of a ridge or a crest. The implanted prosthesis 
applies an outward force on the scleral pocket to elevate the 
portion of the sclera attached thereto to increase the effective 
working distance of the ciliary muscle of the eyeball. The 
plurality of prostheses are therefore designed to apply an 
outwardly directed force to the sclera cooperatively. 

An advantageous embodiment of the prosthesis of the invention 
disclosed in the above -incorporated patent documents has a 
substantially circumferential body. The circumferential body has 
a top surface that is adapted for placement against the outer wall 
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of the pocket surgically formed in the sclera, applying an outward 
force thereto. 

Unfortunately, due to its circumferential body shape, a bottom 
surface of the prosthesis has limited surface contact with the 
5 inner wall of the surgically formed scleral pocket, generally in 
the area of the first and second ends thereof. Due, at least in 
part, to the disproportionate surface contact of the top surface 
relative to the bottom surface of the body of the prosthesis, the 
O prosthesis tends: (i) to slide back and forth within the scleral 
10 U1 pocket causing the same to be less effective in treating 

*Q presbyopia, and (ii) to turn or to topple over within the scleral 

01 

Ty pocket causing the same be substantially ineffective in treating 

* « H 

^ presbyopia . 

CP Turning initially to FIGURE 1, illustrated a top plan view of 

; i 5 

15 N E an advantageous embodiment of an improved scleral prosthesis in 
O accordance with the principles of the present invention. To 
overcome the above- identified deficiencies of the circumferential 
body prosthesis, the improved prosthesis of the present invention 
comprises a body (generally designated 100) , having a first end and 

20 a second end (generally designated 105a and 105b, respectively) , 
that is adapted to expand a contacted sclera to increase the 
effective working distance of the ciliary muscle of the eyeball 
while providing means for stabilizing the prosthesis relative to 
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the contacted sclera. The body 100 includes a top surface 110 that 
may suitably be adapted to contact ocular tissue within a pocket 
(or loop) surgically formed within the sclera of the eyeball. 
Surgical procedures for suitably forming an appropriate scleral 
pocket are described in the above- incorporated patent documents and 
further discussion is not necessary for the purposes of this patent 
document. Exemplary top surface 110 is illustratively shown having 
a convex planform. 

| (O 

Top surface juetf^includes a perimeter 115 that, according to 
10 m the illustrated embodiment, has a convex, sloped, or otherwise non- 
J3 sharp edge to avoid cutting, tearing or otherwise damaging the 

— ^ 

W sclera, particularly the surgically formed scleral pocket. It 

s'V's 

^ should be noted that the first and second ends 105a, b of body 100 
G] illustratively include a more pronounced slope relative to the 
15 y remainder of top surface 110 (described in greater detail below). 
O FIGURE 2 illustrates a side elevational view of the embodiment 

of the scleral prosthesis of FIGURE 1. The prosthesis body 100 
again has first and second ends 105a, b, top surface 110, non-sharp 
edges 115 and a bottom surface 120. Exemplary bottom surface 120 
2 0 is illustratively shown having a substantially straight planform 
relative to top surface 110. Preferably, bottom surface 120 is 
wider than the maximum height of prosthesis body 100. 

It should be noted that the exemplary shapes of top surface 
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110 and bottom surface 120 are provided for illustrative purposes 
only. Those of skill in the art will understand that body 100 may 
have any shape suitably adapted, via a cooperation among the shapes 
of the surfaces of the body, to exert an outward force on the 
5 scleral pocket to elevate the portion of the sclera attached 
thereto to increase the effective working distance of the ciliary 
muscle of the eyeball, whether such surface is convex, concave, 
circumferential or otherwise. 
Q It should be further noted that advantageous and exemplary 

10 m dimensions of body 100 are provided, again for illustrative 
J3 purposes. Any suitable body planform of dimensions appropriate and 
Ty in accordance with the principles of the present invention may be 
s used. To that end, exemplary first and second ends 105a, b, in 
ffl cooperation with top and bottom surfaces 110, 120, provide a means 

** 

15 SI for stabilizing the prosthesis within a surgically formed pocket 
O within the sclera of the eyeball, enabling prosthesis body 100 to 
substantially permanently exert an outward force on the scleral 
pocket to elevate the portion of the sclera attached thereto to 
increase the effective working distance of the ciliary muscle. 

2 0 To that end, exemplary bottom surface 12 0 is adapted for 

increased surface contact with the ocular tissue within the 
surgically formed pocket relative to the prior embodiments of the 
prosthesis of the above -incorporated patent documents. This 
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increased ocular surface tissue contact at least substantially 
eliminates turning over, toppling over or otherwise rotating of the 
prosthesis body within the scleral pocket thereby ensuring 
effective treatment of presbyopia. 

Bottom surface 120 surface may suitably be adapted to contact 
an amount of ocular tissue that is at least substantially equal to 
an amount of ocular tissue contacted by top surface 100 within the 
surgically formed scleral pocket. In alternate embodiments, this 
relationship may be altered based upon the planform of body 100. 
For instance, the area of bottom surface 12 0 may suitably be 
greater than the area of top surface 110. 

TurniVig to first and second ends 105a, b, each exemplary end is 
adapted to Vix body 100 within a surgically formed pocket through 
a physical combination/cooperation of (i) a sloping minor portion 
125 of top starface 110 relative to a major portion 130 of top 
surface 110, \and (ii) a grove 135. This exemplary physical 
combination/cooperation at least substantially fixes body 100 
within a surgically formed pocket within the scleral pocket thereby 
ensuring effective treatment of presbyopia. 

It should be\ noted that although first and second ends 105a, b 
have a partially concave portion 125 of top surface 110 and groves 
135a, b provide a partially concave bottom surface 120, alternate 
embodiments may include at least one end 105 that has a partially 
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convex top surfacel or bottom surface 12 0 that may suitably include 
at least one portion that is at least, partially convex. 

Regardless, the physical cooperation among the various 
dimensions and characteristics (e.gr., smooth, coarse, finished, 
polished, etc.) of the surfaces and ends of prosthesis body 100, 
suitable means for stabilizing the same within a surgically formed 
pocket within the sclera of the eyeball. 

Thus, tAhe exemplary embodiment of FIGURES 1 and 2 illustrates 
advantageous \features wherein top surface 110 starts with a concave 
surface 125 at first end 105a for approximately 750 microns and 
then moves smoothly to a smooth convex- like curve for four 
millimeters, and then to another concave surface 125 at second end 
105b for approximately another 750 microns - for a total top 
surface 110 length of 5.5 millimeters. The radius of curvature of 
the major conveA surface is approximately 9 millimeters, the 
interconnecting curve has a radius of approximately 153 microns and 
the concave surfacemas a radius of approximately 500 microns. The 
concave surface forms a rounded portion having a radius of 
curvature of approximately 12 5 microns that connects to bottom 
surface 120. Bottom surface 120 has a straight part which extends 
for approximately 500 microns to a concavity that has a radius of 
curvature of approximately 500 microns and a height of 
approximately 150 microns. The concavity forms a grove 
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illustratively extending through the whole bottom surface 120 of 
body ttOO. A major portion of bottom surface 120 extends 
approximately 3.5 millimeters between the first grove and a second 
grove (tpe second grove being substantially identical to the first 
groove) . I 

Turning to FIGURE 3, illustrated is an exemplary bottom plan 
view of the embodiment of the scleral prosthesis of FIGURES 1 and 
2. It should again be noted that width, length, or other common 
dimensions need not be the same, meaning, for instance, that bottom 
surface 120 may suitably be larger in area than top surface 110. 
Turning to FIGURE 4, illustrated is a top-side isometric view of 
the embodiment of the scleral prosthesis of FIGURES 1 to 3 . Again, 
the exemplary non- sharp edges are shown. Turning to FIGURE 5, 
illustrated is a top plan view of one end of the embodiment of the 
scleral prosthesis of FIGURES 1 to 4 . Finally, turning to 
FIGURE 6, illustrated is a bottom-side isometric view of the 
embodiment of the scleral prosthesis of FIGURES 1 to 5 . 

Other important features of the exemplary stabilizing means 
105a, b, and u20 (in cooperation with top surface 110) , of the 
illustrated enlbodiment, is that the width of body 100 is preferably 
larger than Its maximum height - in previous prosthesis 
embodiments, wifith was not larger than the maximum height, and 
enabled turning \ over, etc. Further, bottom surface 120 is 
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relatively flat except for groves 135 or any other suitable means 
for fixing prosthesis body 100 within the scleral pocket (e.g., 
hooks,\ fasteners, clips, etc.). Exemplary groves 135 therefore act 
to prevent prosthesis body 100 from sliding - groves 135 may 
suitablA be positioned in line with the incision to form the 
scleral nocket causing the incision to "curve up" as a result of 
the pressure into the grove, thereby preventing the prosthesis from 
sliding in\ either direction. Thirdly, first or second end 105a, b 
include a cqncavity to facilitate ease of entrance into the scleral 
pocket . 

In short, ends 105a ,b cooperate to ease insertion into the 
scleral pocket and to fix the same once appropriately positioned 
therein. Alternate means for fixing, or, more globally, 
stabilizing the prosthesis include positioning a hole in the 
prosthesis body and suturing the same, gluing one or more surfaces 
of the same to scleral pocket, a plurality of scleral pockets (or 
loops) . 

Yet another advantage of having a total body mass or 
"thickness" is that the present prosthesis provides increased lift 
relative to prior embodiments disclosed in the above -incorporated 
patent documents, which is a primary object of the prostheses. 
q^CI The foregoing prosthesis m^y be manufactured in accord with 
tl|e methods set forth in the abc^e- incorporated patent documents or 
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otherwise known, may be from materials sat forth in the above- 
incorporated patent documents or otherwise known, may be surgically 
implanted as set forth in the above -incorporated patent documents 
or as otherwise known, such as an injection wherein the prosthesis 
5 would be inserted and then possibw filled with fluid, plastic or 
otherwise (in an embodiment wherein the ends extend beyond the 
scleral pocket, the body of the prosthesis may be filled the end 
actually become wider than /the incision, precluding movement, 
D including, for instance, new metals. 
10 U1 The present invention has been described in detail. Those 

%B skilled in the art will understand that various changes, 

m 

fy substitutions and alterations may be made herein without departing 

a from the spirit and scope of the invention in its broadest form. 
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